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SLOW-RELEASE FERTILIZER
It is sometimes desirable to tailor a synthetic phosphate fertilizer composition
to specific agronomic needs in both terrestrial and space environments. It is
also desirable that the composition have only the desired spectrum of micro-
nutrient elements which can be released in a controlled manner and be free of
toxic elements which are normally present in natural phosphate fertilizers.
The invention is a synthetic apatite phosphate fertilizer composition containing
essential micronutrients as well as other essential nutrients such as magnesium,
potassium and sulfur, and a method for making the composition. In addition, the
synthetic apatite is essentially free of toxic elements. Furthermore, a
solubility control agent is added to enhance control of the nutrient release
rate. In one embodiment, the invention provides for a synthetic apatite useful
as a slow-release fertilizer. The apatite has a matrix of calcium phosphate and
one or more agronutrients dispersed in the matrix. The apatite is preferably
essentally free of agrotoxins such as fluorine, cadmium and sodium, in amounts
detrimental to the growth of most plants. Agronutrients include, for example
potassium, magnesium, sulfur, zinc, chlorine, iron, manganese, copper, molybdenum
and/or boron. The synthetic apatite can further include a carbonate and/or
silicon solubility control agent. The matrix preferably comprises a synthetic
apatite.
Novelty exists in a solid-support substrate which provides low maintenance and
high reliability for plant growth whereby the fertilizer requirements may be
strictly tailored to the particular culture and whereby all required micro-
nutrients are released as needed over a long period of time encompassing several
growing seasons, without replenishment.
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Origin of the Invention
The invention described herein was made by
employee(s) of the United States Government and may be
manufactured and used by or for the Government of the
United States of America for governmental purposes
without the payment of any royalties thereon or therefor.
Field of the Invention
I0
The present invention relates to a slow-release
fertilizer composition having agronomic nutrient elements
dispersed in a synthetic apatite.
Background of the Invention
Agronomists and botanists have recognized the vital
function of sixteen nutrients needed by growing plants
15 including the trace elements or micronutrients - zinc,
chlorine, iron, manganese, copper, molybdynum and boron.
It is also known that the optimal spectrum and
concentration of micronutrients in a particular soil can
vary depending on the plants being grown, soil
20 properties, climate, and the stage of the plant growth
cycle.
While most soils contain micronutrients at least to
some extent and the overall need is small, depletion can
occur with intensive agricultural activity. Even when
25 the soil concentration is putatively adequate, other
factors can prevent micronutrient uptake by the plant.
Since micronutrients must be available as soluble ions,
such ions can be immobilized in low solubility alkaline
soils and/or can be trapped in clays or other organic
30 materials as insoluble complexes.
It has been common practice to supplement
phosphorus-impoverished soil by using a mineral
fertilizer such as rock phosphate or apatite. Such
minerals, however, do not supply the required
35 micronutrients and can contain toxic elements such as
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fluorine and cadmium. Other minerals can be used to
supply micronutrients, however, micronutrient content can
not usually be adjusted.
Required micronutrients can also be supplied
directly in bulk. One disadvantage of multiple mineral
and/or inorganic phases is the varying rates at which the
materials dissolve and diffuse in the soil. Also, such
additions give little control over micronutrient soil
concentration with respect to plant needs from day to
day. Another disadvantage is the relatively large
quantities needed to overcome solubility and soil
impediments. Bulk fertilizer can be carried off by rain
or irrigation water or leached from the soil as a ground
water pollutant. Thus, bulk use is inefficient and
costly.
In space travel, agronomical species such as wheat,
potatoes, soybeans, and the like in hydroponic tanks can
fixate carbon dioxide into edible biomass. Hydroponic
systems, however, require soluble nutrients to be
continuously supplied and closely monitored. Hence,
solid-support substrates may provide a low maintenance,
high reliability substrate for plant growth. It is,
therefore, very desirable that the fertilizer is strictly
tailored to the requirements of the on-board cultures.
In addition, the fertilizer should be compact, long-
lasting and contain all required micronutrients, which
are released as needed over a long period of time,
encompassing several growing seasons, without
replenishment.
It is consequently desirable to tailor a synthetic
phosphate fertilizer composition to specific agronomic
needs in both terrestrial and space environments. It is
also desirable that the composition have only the desired
spectrum of micronutrient elements which can be released
in a controlled manner and be free of toxic elements
which are normally present in natural phosphate
fertilizers.
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U. S. Patent 3,958,973 to Roberts describes a
micronutrient metal containing phosphate glass for
fertilizer use. The glass is based on PzO5 and the
micronutrients are based on the metal oxide. A
solubility control agent is said to be present to control
the amount and rate of release.
U. S. Patent 4,299,613 to Carderelli describes a
polymeric composition incorporating essential plant
growth compounds in ionic form. These compounds are said
to be gradually, continuously and uniformly released over
a long period of time in response to the presence of
moisture.
U. S. Patent 4,334,906 to Young describes a
combination soil amendment and micronutrient source. The
composition comprises highly porous sulfur particles
having substantial internal surface area with the
micronutrient source dispersed either throughout the
particle matrix or over the interior surfaces.
U. S. Patent 4,670,039 to Sjogren describes a
controlled slow release fertilizer composition comprising
an encapsulated fertilizer, carbon particles and plaster.
U. S. Patent 4,994,100 to Sutton et al. describes a
granular nitrogen fertilizer made up of urea,
dicyandiamide, ammonium thiosulfate, and optionally a
phosphate compound. This composition can contain various
micronutrients.
U. S. Patent 4,557,749 to Berthet et al. describes a
sealed container for a hydrosoluble fertilizer or
agricultural product. The container has a wall made of a
hydrophobic polymer diaphragm with hydrophilic inclusions
which absorb water. Water passing into the container
dissolves the fertilizer which is then desorbed into the
medium being treated.
Other U. S. Patents of interest include 4,507,139 to
Sullivan et al.; 4,175,943 to Jordaan et al.; and
4,995,897 to Schramm et al.
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Summary of the Invention
The present invention is a synthetic apatite
phosphate fertilizer composition containing essential
micronutrients as well as other essential nutrients such
5 as magnesium, potassium and sulfur, and a method for
making the composition. In addition, the synthetic
apatite is essentially free of toxic elements.
Furthermore, a solubility control agent can be added to
enhance control of the nutrient release rate.
l0 In one embodiment, the present invention provides
for a synthetic apatite useful as a slow-release
fertilizer. The apatite has a matrix of calcium
phosphate and one or more agronutrients dispersed in the
matrix. The apatite is preferably essentially free of
15 agrotoxins, such as, for example, fluorine, cadmium and
sodium, in amounts detrimental to the growth of most
plants. Agronutrients include, for example, potassium,
magnesium, sulfur, zinc, chlorine, iron, manganese,
copper, molybdenum and/or boron. The synthetic apatite
20 can further include a carbonate and/or silicon solubility
control agent. The matrix preferably comprises a
synthetic apatite.
In another embodiment, the synthetic apatite is
prepared by combining in an aqueous medium, a water
25 soluble ionic calcium compound, a water soluble ionic
phosphate compound and one or more water soluble
compounds of agronutrients selected from potassium,
magnesium, sulfur, zinc, chlorine, iron, manganese,
copper, molybdenum, boron and combinations thereof. The
30 synthetic apatite can also include one or more silicon or
carbonate compounds as a solubility control agent. A
calcium phosphate is precipitated which has agronutrients
dispersed in a matrix. In other steps the precipitate is
recovered and dried.
35 In yet another embodiment, the present invention
provides a fertilizing method. In one step, the
synthetic apatite composition described above is placed
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adjacent a root structure of a plant. In another step,
the synthetic apatite is contacted with moisture to
dissolve the agronutrients.
In a further embodiment, the present invention
provides a hydroponics fertilizing method wherein a
hydroponics solution is circulated through a bed of the
present synthetic apatite as described above to replenish
the concentration of agronutrient species in the
hydroponics solution. As another step, a root structure
of a plant is contacted with the hydroponics solution.
Brief Description of the Fiqure
The Figure shows diffractographs with peak spacing
for three different synthetic apatite compositions of the
present invention. The diffractographs indicate that the
present synthetic apatite has a crystalline structure
similar to naturally occurring hydroxyapatite and
carbonate hydroxyapatite.
Detailed Description of the Invention
Essential agronomic nutrients for plant growth
including potassium, magnesium, sulfur and micronutrients
are incorporated into a matrix of a synthetic apatite.
Upon contact by moisture, the nutrients are slowly
released, as required, for plant use. In addition, a
solubility control agent can be added to enhance control
over the fertilization rate.
The major component of the synthetic apatite
composition is a calcium phosphate which is at least
slightly soluble in water. Water solubility is necessary
to give mobility to nutrient elements contained in the
apatite matrix.
35
Preferably, from about 30 to
about 50 parts phosphorus are used per I00 parts calcium,
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by weight, and more preferably, from about 40 to about 45
parts phosphorus per i00 parts calcium.
One or more essential agronomic nutrients besides
calcium and phosphorus are dispersed within the crystal
5 structure of the synthetic apatite. Essential agronomic
nutrients (agronutrients) in addition to calcium and
phosphorus, include potassium, nitrogen, magnesium,
sulfur, zinc, chlorine, iron, manganese, copper,
molybdenum and boron. The latter seven elements (zinc,
10 chlorine, iron, manganese, copper, molybdenum and boron)
are generally referred to as micronutrients and are
needed by plants in lower amounts than the other
essential agronutrients.
Agronutrients are provided in the present
15 composition as water soluble inorganic (ionic) compounds.
The inorganic compounds should not have acute toxicity
(e. g. cyanide salts), or other undesirable properties
and should be free of excessive amounts of agrotoxins
including unwanted elements and organic toxins.
20 Undesirable elements typically include most heavy metals
such as lead, cadmium, mercury, and the like, and other
elements such as fluorine, sodium, arsenic, antimony,
selenium, tin, and the like. The synthetic apatite can,
however, contain a relatively small amount of any of
25 these toxins below a toxic level for plants and, where
appropriate, grazing animals. For example, natural
apatite contains about 6 percent fluorine and has only
limited potential as a soil supplement because of the
fluorine toxicity, particularly to grazing animals such
30 as sheep which can ingest the fluorine, e.g. by licking
the soil containing the supplement. Prior art phosphatic
fertilizers, in contrast, can contain about 3000 ppm
fluorine, whereas natural soils average about 300 ppm and
plants typically contain about 3 ppm fluorine. Thus, the
35 present synthetic apatite composition should generally
contain no more than I0 parts fluorine per i00 parts
calcium, by weight, but preferably contains no more than
3000 ppm fluorine, more preferably no more than 300 ppm,
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and especially no more than 3 ppm. Tolerance levels of
specific plants and animals for other agrotoxins can be
found in the literature or determined empirically. The
amount of agrotoxins in the synthetic apatite should be
5 less than an amount which would result in release into
the environment of the agrotoxins in excess of a given
tolerance level.
Examples of suitable water soluble compounds of
agronutrients used in the preparation of the synthetic
10 apatite include potassium compounds such as potassium
chloride, potassium nitrate, potassium nitrite, potassium
sulfate, and potassium phosphate; magnesium compounds
such as magnesium nitrate, magnesium chloride, magnesium
nitrite, magnesium chlorate, magnesium perchlorate and
15 hydrates thereof; sulfur compounds such as sodium
sulfate, ammonium sulfate, potassium sulfate, and
hydrates thereof; zinc compounds such as zinc chloride,
zinc nitrate, zinc nitrite, zinc sulfate and hydrates
thereof; chlorine compounds such as sodium chloride,
20 potassium chloride, ammonium chloride; iron compounds
such as ferric nitrate, ferrous nitrate, ferrous nitrite,
ferric nitrite, ferric chloride, ferrous chloride, ferric
sulfate, ferrous sulfate and hydrates thereof; manganese
compounds such as manganese(II) nitrate, manganese(II)
25 nitrite, manganese dichloride, manganese(II) sulfate and
hydrates thereof; copper compounds such as copper(II)
chloride, copper(III) chloride, copper(II) nitrate,
copper(II) nitrite and hydrates thereof; molybdenum
compounds such as ammonium paramolybdate, ammonium
30 permolybdate, sodium trimolybdate, sodium tetramolybdate,
sodium paramolybdate, sodium octamolybdate, potassium
molybdate and hydrates thereof; and boron compounds such
as sodium tetraborate, sodium metaborate, potassium
tetraborate, potassium metaborate, ammonium tetraborate,
35 hydrates thereof and orthoboric acid. The preferred,
more preferred and optimum amounts of the agronomic
nutrient elements per I00 parts calcium in the synthetic
apatite, are set forth in Table I.
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Ag ronut r ient
E tement
Ca
P
K
Mg
$
Zn 0.08-0.3
C[ 0-1.25 0.5-1.25 0.I-0.13
Fe
Mn
Cu
Mo
B
Table 1
Preferred More Preferred Optim_ Amount
A_unt (parts A_unt (parts (parts by
by Weight) by weight) weight)
100 100 100
30-50 40-45 40-42
0-4 1-4 2-3
0-5 2-5 3-4
0-4 2-4 2.5-3.5
0-0.4 0.2-0.4
0-4 1-4 2-3
0-1.2 0.5-1.2 0.5-I
0-0.12 0.05- 0.12 0.08-0. I
0-0.0025 0.001-0.002 0.001-0.0015
0-0.05 0.01-0.04 0.02-0.03
The synthetic apatite composition can also comprise
a silicon and/or carbonate solubility control agent
dispersed in the apatite matrix. The solubility control
agent increases or decreases the water solubility and
permits enhanced control over the rate at which nutrient
elements are released.
The solubility control agent is provided in the
synthetic apatite composition as a water soluble
inorganic or organic compound. Examples of suitable
water soluble carbonate compounds include sodium
carbonate, sodium bicarbonate, ammonium carbonate,
ammonium bicarbonate, potassium carbonate and potassium
bicarbonate. Examples of water soluble silicon compounds
include inorganic silicates such as sodium silicate,
sodium disilicate, sodium metasilicate, sodium
orthosilicate, potassium disilicate, potassium
metasilicate, potassium hydrogen disilicate, ammonium
silicate, and hydrates thereof, and organic silicates
such as ethyl orthosilicate and propyl orthosilicate.
A solubility control agent can comprise from 0 to
about 15 parts by weight per i00 parts calcium. A
carbonate agent is preferably used in an amount of 0 to
about 15 parts by weight per i00 parts calcium, more
preferably from about 2 to about i0 parts by weight and
optimally from about 4 to about 6 parts by weight. A
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silicon agent is preferably used in an amount of 0 to
about i0 parts by weight per i00 parts calcium, more
preferably from about 2 to about 6 parts by weight and
optimally from about 3 to about 5 parts by weight.
The present synthetic apatite composition can
optionally include a binder agent to facilitate
processing of the calcium phosphate into pellet form.
Examples of such processing aid binders include calcium-
lignosulfonate, cellulose, and the like. The binder
comprises from 0 to about i0 percent by weight or more of
the synthetic apatite.
The present synthetic apatite composition is the
precipitated product of a water soluble calcium compound
and a water soluble phosphate mixture comprising a water
soluble phosphate compound and one or more water soluble
agronutrients. The resulting product has nutrient
elements incorporated into the structure of the calcium
phosphate matrix.
The apatite is conveniently made, for example, by
preparing two or more aqueous stock solutions containing
the appropriate compounds and mixing the stock solutions
together. An inorganic replacement reaction occurs in
the solution mixture to produce a precipitate. The
precipitate can be recovered, e. g. by filtration, and
dried.
A first stock solution is made by dissolving a
suitable quantity of the water soluble calcium compound
in a neutral or basic aqueous medium. Examples of
suitable calcium compounds include
calcium nitrite, calcium chloride,
hydrates thereof, and the like.
tetrahydrate is a preferred compound.
calcium nitrate,
calcium chlorate,
Calcium nitrate
The first solution
preferably includes the calcium compound in an amount of
from about 1.0 to about 1.6 moles per liter.
A second stock solution is prepared by dissolving a
suitable quantity of the soluble phosphate compound and
suitable quantities of the soluble anionic nutrient
compound(s) in a neutral or basic aqueous medium.
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Examples of suitable soluble phosphate compounds include
ammonium orthophosphate-mono , ammonium orthophosphate-
di , ammonium orthophosphate, ammonium hypophosphate and
the like. The second solution preferably includes the
5 phosphate compound in an amount of from about 0.5 to
about 0.8 moles per liter. The amount of anionic
nutrient compound(s) in the second solution will depend
on the desired concentration in the synthetic apatite end
product which, in turn, will depend on the agronomic
I0 application. Generally, the second stock solution can
include one or more anionic nutrient compounds each in an
amount of from about 0.002 to about 0.4 moles per liter.
A third stock solution is prepared, where
appropriate, by dissolving a suitable quantity of the
15 soluble cationic nutrient compound(s) in a neutral or
basic aqueous medium. The quantity of the cationic
nutrient compound(s) in the third solution will again
depend on the desired concentration in the synthetic
apatite end product which, in turn, will depend on the
20 agronomic application. Generally, the third solution
includes one or more cationic nutrient compounds, each in
an amount of from about 0.05 to about 5 moles per liter.
The optional silicon and/or carbonate solubility
control agent can be added to the second (anionic) stock
25 solution in an amount of from about 0.002 to about 0.4
moles per liter.
When preparing the above stock solutions, it is
desirable to avoid mixing salts together which can
undergo unwanted inorganic replacement reactions in the
30 stock solutions. Therefore, ionic compounds having a
desired component element in the anion are held in
solution separately from ionic compounds having a desired
component element in the cation. Liquid organic
compounds (e. g. ethyl orthosilicate), however, can be
35 added to any of the stock solutions or added separately
before or after the stock solutions are mixed together.
A preferred basic aqueous medium comprises a
solution of from about 18 to about 30 percent by weight
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of ammonium hydroxide in deionized water. A preferred
neutral aqueous medium comprises deionized water.
Typically, the third stock solution is mixed with
the second stock solution and the combined solution is
5 then mixed with the first stock solution. The resulting
mixture is then maintained at ordinary temperature and
pressure for a sufficient time period for the crystalline
precipitate to form.
The precipitate is recovered by ordinary means, such
|0 as, for example, by decanting the supernatant and
filtering in a B_chner funnel. The precipitate is
preferably washed with deionized water.
The washed precipitate can be dried at room
temperature. Preferably, however the precipitate is
]5 dried at a temperature ranging from about 200°C to about
600°C for a time period of from about 2 to about 20 hours
in drying equipment such as an oven, wherein the
temperature is preferably boosted in steps of 200°C after
2 hour intervals. The drying procedure can
20 simultaneously dry the precipitate and dehydrate or
partially dehydrate the calcium phosphate endproduct.
Solubility is also partially dependent on the degree of
hydration of the calcium phosphate crystals, i.e. crystal
size and degree of crystallinity. Since solubility is
25 reduced by dehydration, the drying procedure specified
can be used to adjust the solubility of the final
product. The actual drying procedure used is not
particularly critical so long as care is exercised in
obtaining the desired degree of dehydration. The dried
30 precipitate is preferably cooled in a low humidity
environment.
The precipitate can be crushed, granulated or
pelletized by conventional means to produce a suitable
particle size for use in soil treatment. Binding agents
35 can be used to assist the formation of a relatively
consistent granulation particle size and avoid the
production of fines. Preferably, non-reactive binders
are used.
21
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As indicated above, the type of nutrient elements
incorporated into the calcium phosphate crystal structure
can vary from a single nutrient element to all seven
micronutrients as well as potassium, sulfur and
5 magnesium. The quantity of each nutrient element
incorporated can be specified based on the agronomic
factors involved.
When the instant synthetic apatites come in contact
with moisture, the dispersed nutrients (in addition to
]0 the calcium and phosphorus) are slowly released as
dissolution occurs. However, several factors affect the
degree of solubility and hence can be used to control the
rate of nutrient release. Mentioned above are the
solubility control agents and the drying treatment.
]5 Other known factors include soil acidity, size of the
apatite crystals, and the presence of calcium or
phosphate sinks in the system, e. g., an exchange
material. Desired solubility is usually determined
empirically based on soil properties, climate, rainfall,
20 type of plant being grown, growth cycle requirements, and
the like agronomic factors. The effect of carbonate
content on natural apatites is described in several
publications including Caro, J., Journal of Aqricultural
Food Chemistry, 4:684-687, 1956; McClellan, G., American
25 Mineraloqist, 54:1374-1391, 1969; and Lehr R., National
Fertilizer Development Center Bulletin, Y-43, Vol. 8
published by the Tennessee Valley Authority, Muscle
Shoals, Alabama which are hereby incorporated herein by
reference.
30 The present invention is further illustrated by the
following examples:
35
Examples I-3
Three synthetic apatite compositions having nutrient
elements incorporated into the crystalline structure were
synthesized by an inorganic replacement reaction to
simulate a naturally occurring hydroxyapatite mineral.
Initially, three stock solutions (A, B and C) were
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prepared using laboratory reagent grade chemicals. Each
reaction was run using 500 ml of stock solutions A and B
and 20 ml of stock solution C. The composition of the
solutions is shown in Table 2.
Table 2
Compound Concentration (grams)
Example 1 Example 2 Examp, te 3
Solution A (0.5 liters 20 wt % NHLOH in deionized water)
Calcium nitrate 141.52 141.52 141.52
tetrahydrate
(Ca(NO_)?'4H20)
Solution B (0.5 liters 20 wt % NH&OH in deionized water)
Ammonium orthophosphate- 43.32 43.32
mona
((NH&)2HPO &)
Ammonium carbonate
((NH4)CO 3)
Ammonium chloride
((NH&)Ct)
Orthoboric acid
(HxBOL)
Ammonium paramo[ybdate
((NHL)6HoTO_L'4H_O)
Ammonium sulfate
((NH4)2SOL)
11.93 11.93
1.011 1.011
0.779 0.779
0.00098 0.00098
2.4974 2.4974
43.32
1.011
0.779
0.00098
2.4974
Sotution C (20 mt deionized water)
Magnesium nitrate
(Mg(NO_) 2 )
Iron(If) nitrate hexahydrate
(Fe(NO_)2"6H20)
Manganese(If) sulfate
monohydrate
(MnSOA'H20)
Zinc nitrate
(Zn(NO_) 2)
Copper(ll) nitrate 2.Shydrate
(Cu(NO3)2)'2.SH20)
13.499 3.374 12.972
3.627 3.627 3.627
0.5408 0.5408 0.5408
0.56520.5652
0.1464 0.1464
Other additive (m[)
0.5652
0.1464
Ethy[ orthositicate J I 5 J
After stock solutions A, B and C were prepared,
solution C was quickly added to solution B and vigorously
mixed for several seconds. This combined solution (B and
C) was then added to solution A. In Example 2, the ethyl
orthosilicate liquid was also added to solution A
concurrently with solutions B and C. In all the examples
the final mixture was vigorously stirred for 5 minutes
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and then allowed to stand for 18 hours to precipitate the
calcium phosphate product. The clear supernatant was
decanted and disposed of. The precipitate was washed 4
times with 3 liters of deionized water each washing. The
precipitate was filtered using a B_chner funnel and
Whatman #41 filter paper, and washed again with an
additional 500 ml of deionized water. The precipitate
was removed from the filter paper and placed into a glass
beaker for drying. The precipitate was dried in an oven
at 200°C for 17 hours, lightly crushed in an agate mortar
and stored in a desiccator.
The three synthetic materials were characterized by
powder x-ray diffraction and by electron microprobe
analysis. The Figure shows diffractographs of the
compositions. The peaks (d-spacing) correspond to peaks
for natural hydroxyapatites. Peak width was narrow
suggesting that individual crystals have a width of from
about 200-500 angstroms. The chemical analysis of the
composition is shown in Table 3.
Table 3
Component
Na20
K?O
so_
Exampt e 1
0
P205
Fe203
MgO
SiO 2
OH
Fraction (%)
Example 2
0.439 0.139
CaO 46.165 47.789
33.461 35.205
c_
Mn
E.xampte 3
0
0
2.584
45.211
36.116
1.001 1.217 1.175
2.839 0.700 2.562
3.163
6.7
Cu
C[
Zn
MoO%
BO-i
0.9838
3.265
5.7
2468 pprn
75ppm
140
849 ppm
53 ppm
768
2028 ppm
38 ppm
350 pI_
303 ppm
4 ppm
1237
3.401
2635 ppm
79 plom
100
587
0
1716
Examples 4-12
In the following examples, the apatite compositions
prepared in Examples 1-3 were contacted with deionized
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water to determine the equilibrium ion concentration
after dissolution. At the end of each run, pH and the
ion concentrations of the various elements were measured.
Concentrations of manganese, iron, copper and zinc ions
were determined using DTPA chelating agent (pH=7.3). The
procedure consisted of placing a 0.5 g sample of the
synthetic apatite composition in a covered glass bottle
containing 80 ml of deionized water. The bottles and
samples were placed in an environmentally controlled
reciprocal shaker at a setting of i00 rpm and shaken for
96 hours. The temperature was held at 25°C. Results are
given in Table 4.
Table 4
EX.
No.
4
5
6
7
8
9
10
11
12
Sample pH
I 8.70
I 8.70
I 8.70
2 8.13
2 8.16
2 8.16
3 7.00
3 6.95
3 7.12
E [ement Concent rat _on
2.95 10.3 2.67 17.8 160
3.80 10.3 2.75 17.6 158
3.45 10.0 2.71 17.6 158
mg/[ mg/kg mg/t
P Ca Mg S Mn* Fe* Cu* Zn* B Mo Ct
1.33 13.6 ....29.8 5.6 121 244 6 31 4.4 <0.02 0.6
1.30 13.6 38.8 6.0 118 249 6 29 4.4 <0.02 1.7
1.30 13.5 39.6 5.8 118 250 6 29 4.3 <0.02 1.1
0.17 15.2 3.68 2.4 152 250 7 56 1.9 <0.02 2.3
0.22 14.8 3.27 2.7 163 302 7 59 1.9 <0.02 1.6
0.17 14.1 3.22 2.3 152 246 7 56 1.9 <0.02 3.1
402 10 57 0.8 <0.02 0.4
406 10 55 0.8 <0.02 0.4
408 10 55 0.8 <0.02 0.5
* DTPA extractable, pH=7.3.
Examples 13-39
In the following examples, the apatite compositions
prepared in Examples 1-3 were contacted with an aqueous
medium wherein the pH was varied between 5 and 7 to
determine the equilibrium calcium and magnesium
concentration as an indication of solubility versus pH.
The procedure was similar to Examples 4-12 except that
0.5 M sodium acetate solutions buffered with acetic acid
to the desired pH were used instead of deionized water.
Results are given in Table 5. As expected, the synthetic
apatite dissolved to a greater extent in a more acidic
medium.
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Table 5
Ex. Sampl.e pH Element
No. Concent rat ion
(r_/l)
Ca Mg
i •
13 I 8.00 116.1 51.8
14 I 8.06 99.8 46.0
15 I 8.11 98.5 46.6
16 I 6.30 314.7 70.0
17 1 6.31 310.5 66.0
18 1 6.31 310.5 66.0
19 I 5.08 1216 82.8
20 I 5.08 1384 82.6
21 I 5.08 1244 84.6
22 2 7.91 74.0 9.2
23 2 7.92 73.7 9.0
24 2 7.92 7"3.4 9. I
25 2 6.25 287.0 15.7
26 2 6.25 282.8 15.4
27 2 6.25 287.0 15.8
28 2 5.07 1098 20.7
29 2 5.07 1056 20.5
30 2 5.07 1098 20.6
31 3 7.56 37.2 36.3
32 3.. 7.56 38.5. 35.6
33 3 7.55 37.9 37.9
34 3 6.15 189.5 53.8
35 3 6.15 187.9 54.0
36 3 6.15 191.1 54.2
37 3 5.05 988 77.4
38 3 5.05 975 74.0
39 3 5.05 975 74.6
The foregoing description of the composition and
method is illustrative and explanatory thereof. Various
5 changes in the materials, apparatus, and particular
components and steps employed will occur to those skilled
in the art. It is intended that all such variations
within the scope and spirit of the appended claims be
embraced thereby.
i¢
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Abstract of the Invention
I0
A synthetic apatite containing agronutrients and a
method for making the apatite are disclosed. The apatite
comprises crystalline calcium phosphate having
agronutrients dispersed in the crystalline structure.
The agronutrients can comprise potassium, magnesium,
sulfur, iron, manganese, molybdenum, chlorine, boron,
copper and zinc in amounts suited for plant growth. The
apatite can optionally comprise a carbonate and/or
silicon solubility control agent. The agronutrients are
released slowly as the apatite dissolves.
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